Fowl plague virus comprised four major protein components and several minor ones, two strains of the virus giving similar results. One of the components was identified as the nucleocapsid protein. Synthesis of the virion proteins could readily be detected in infected cells 3 hr after infection. The two subcellular fractions associated with viral ribonucleic acid (RNA) polymerase activity (nuclei and ribosomal pellet) were associated with the protein of the nucleocapsid and a second virion protein of unidentified function. Measurement of viral RNA and protein synthesis in cells infected with preparations of ultraviolet irradiated virus showed that the capacity to synthesise the RNA and protein species of highest molecular weight was lost most quickly, suggesting that the pieces of viral RNA function independently.
Fowl plague virus comprised four major protein components and several minor ones, two strains of the virus giving similar results. One of the components was identified as the nucleocapsid protein. Synthesis of the virion proteins could readily be detected in infected cells 3 hr after infection. The two subcellular fractions associated with viral ribonucleic acid (RNA) polymerase activity (nuclei and ribosomal pellet) were associated with the protein of the nucleocapsid and a second virion protein of unidentified function. Measurement of viral RNA and protein synthesis in cells infected with preparations of ultraviolet irradiated virus showed that the capacity to synthesise the RNA and protein species of highest molecular weight was lost most quickly, suggesting that the pieces of viral RNA function independently.
Fowl plague virus (FPV) is an influenza A virus which consists of internal helical ribonucleoprotein, containing the complement-fixing antigen, surrounded by a lipoprotein envelope which contains the viral hemagglutinin, the enzyme neuraminidase, and a host cell antigen composed mainly of carbohydrate. The surface of the virus is covered with "spikes", which are probably associated with the biological activities of the surface (11) . The nucleic acid of the virus consists of several pieces of ribonucleic acid (RNA) which may be resolved either by sucrose density gradient centrifugation or by polyacrylamide gel electrophoresis (1, 5, 13, 15) . The protein components of the virus particle have been solubilized by the use of detergents and fractionated either by electrophoresis on cellulose acetate (10) or in polyacrylamide gels (6, 16, 20) , and fractionation of the peptides derived from the isolated hemagglutinin from different strains has revealed differences in amino acid sequence (10, 12) . This paper describes the separation of the virus proteins by polyacrylamide gel electrophoresis and the identification of one of these proteins as the internal ribonucleoprotein. Synthesis of the virus proteins can readily be detected in infected chick cells, and the subcellular association of these proteins casts some light on the multiplication of this virus. Purification of fowl plague virus. The virus was purified as described by Skehel and Burke (20) except that the chick red cell absorption-elution was omitted.
FOWL PLAGUE VIRUS IN CHICK EMBRYO CELLS
When radioactive virus was centrifuged in a potassium tartrate gradient (20) all the radioactivity was in the virus peak. The product had a counts per min per hemagglutinin unit ratio of 0.66 for 3H-valine-labeled virus and 6 for '4C-valine-labeled virus.
Polyacrylamide gel electrophoresis of virion proteins. The proteins were extracted by the method of Summers, Maizel, and Darnell (21) except that the samples were heated with 1% sodium dodecyl sulfate (SDS) for 1 min at 100 C after acidification with acetic acid, and the concentration of mercaptoethanol was 1%. The proteins were fractionated by electrophoresis in polyacrylamide gels as previously described (7). About 2.5 X 104 hemagglutinating units in a volume of 0.2 ml were applied to each gel.
Disruption of FPV by ether. The virus (2 X 105 hemagglutinating units in a volume of 1 ml) was treated with ether by the method of Hoyle and Davies (8) . Hemagglutinin was removed from the aqueous phase by four successive adsorptions with chick red blood cells (twice with 0.5% cells for 16 and 2 hr, respectively, and twice with 2% cells for 2 and 4 hr, respectively). The product had a complement fixation titer of 80 and a hemagglutinin titer of <50. It was concentrated threefold by centrifugation at 86,000 X g for 6 hr, and the pellet was suspended in 0.3 ml of phosphate-buffered saline + 0.002 M sodium ethylenediaminetetraacetate. The proteins were solubilized as described above, and a sample (0.12 ml) was co-electrophoresed with proteins derived from 14C-valine-labeled virus (0.04 ml containing 600 hemagglutinating units). 2-Mercaptoethanol (1%) was present at all stages in this procedure.
Measurement of viral protein synthesis in infected cells. Chick embryo cells (1.25 X 108 cells/culture) were infected with virus (10 to 20 plaque-forming units/cell) for 1 hr at 37 C and washed, and maintenance medium was added. At intervals, single infected and uninfected cultures were washed twice with Earles buffered saline containing 2% dialyzed calf serum and then incubated with 3 infected and uninfected cells were mixed and suspended in 1.5 ml of the hypotonic buffer. They were then ruptured in a Dounce homogenizer to give maximal breakage of cells without damaging the nuclei as judged by microscopy examination. Nuclei were removed by centrifugation at 600 X g for 5 min, and further purified by washing once with cold hypotonic buffer before centrifugation at 600 X g for 5 min. The pellet was resuspended in buffer, given a very brief spin (600 X g for 15 sec), and the supernatant fluid was removed. The buffer was added to the pellet and again briefly centrifuged. The pellet now consisted mainly of membraneous material with some nuclei, whereas the combined supernatant fluids contained the nuclei. These were sedimented (600 X g for 5 min), and the pellet was suspended in buffer made 2.3 M with sucrose. After centrifuging at 73,000 X g for 30 min, the pellet was suspended in buffer containing 1.5% (w/v) Triton X-100. After standing for 10 min, the nuclei were layered over 2 ml of successive portions of 2.3 M and 1.6 M sucrose in the buffer. The gradient was centrifuged at 130,000 X g for 30 min, and the pellet was resuspended in a small volume of hypotonic buffer to give the final nuclear preparation which was free of cytoplasmic contamination as judged by phase-contrast microscopy.
The postnuclear supernatant fraction was centrifuged at 32,000 X g before a final centrifugation at 130,000 X g for 20 min. The three pellets and the final supernatant fraction were retained for analysis.
In some cases, the cell homogenate was not fractionated by centrifugation before solubilization of the proteins as described below. The amounts of isotopes were then reduced to 9 ,uc of 3H-valine and 3 ,uc of 14C-valine/culture.
The proteins were extracted from the cell fractions by treatment with SDS as described by Maizel et al. (21) . They were fractionated by polyacrylamide gel electrophoresis and radioactivity was determined as previously described (7) The presence of 2-mercaptoethanol was essential throughout the extraction procedure and in all experiments reported in this paper a concentration of 1% was used. By comparing the mobilities on polyacrylamide gel electrophoresis of the virus proteins with those of conalbumin, pepsin, ovalbumin, trypsin, and bovine serum albumin under the same conditions, it was estimated that the protein components 1, 2, 3, and 4 had molecular weights of 56,000, 49,000, 28,000, and 24,000, respectively. Identification of fowl plague virus nucleocapsid protein. When labeled FPV (Rostock strain) was treated with ether and the hemagglutinin and neuraminidase was removed by red blood cell adsorption, the product had a high complementfixing titer and migrated as a single peak on polyacrylamide gel electrophoresis. Co-electrophoresis with protein derived from "4C-labeled virus showed that it was identical with component 1 (Fig. 2) . It is interesting that Skehel and Burke (20) found that this protein was associated with a partially purified fowl plague virus polymerase preparation, as might be expected of the protein of the nucleocapsid.
Synthesis of viral proteins in infected cells. The synthesis of a number of viral proteins in infected cells could readily be detected by use of the double-labeling procedure of Hay, Skehel, and Burke (7). Similar results were obtained whether the Rostock or Dutch strains of FPV were used for infection as can be seen from Fig. 3 , which shows results obtained when the cells were pulsed 5 to 6 hr after infection. Some of the minor peaks were more obvious when the Dutch strain was used to infect. When the cells were pulsed at different times after infection, no viral proteins were detected when the isotopes were present 1 to 2 hr after infection, whereas the two most prominent viral peaks were readily observed when the isotopes were present 3 to 4 hr after infection. Examination of the 3H to "IC ratios showed the presence of some viral proteins in the final supernatant fraction. However, when the final centrifugation was at 200,000 X g for 20 min instead of 130,000 X g for 30 min, the peaks in the 3H to '4C ratio were lower, indicating that most of the viral proteins were associated with particulate fractions.
The 130,000 X g pellet showed two prominent components, identified as the protein of the nucleocapsid and the smallest virion protein (component 4). These two components were also the most prominent in the purified polymerase fraction of Skehel and Burke (20) which also sedimented at 130,000 X g. The pellet (32,000 X g) also contained these two components, but, in addition, there were other components present which were identified as components 2 and 3 plus some of the minor components of the virion, e.g., at fraction 43. These components were virion proteins and some of them were possibly the components of the neuraminidase-hemagglutinin which would be expected to be associated with the membraneous fraction sedimenting at this g value (7). The nuclei were examined with some care because it has long been known that complement-fixing antigen is detectable first in the cell nucleus (3). Infected cells were pulsed 5 to 6 hr after infection, and the nuclei purified by the procedure previously described. Figure 4 shows that two prominent peaks were associated with these purified nuclei, i.e., component 1, the complement-fixing antigen, and component 4. Fio. 4. Polyacrylamide gel electrophoresis of the proteins extracted from the purified nuclei 6 hr after infection with the Rostock strain ofFPV.
Thus both in purified nuclei and the partially purified polymerase fraction (20) phenol plus sodium dodecyl sulfate, and fractionated by electrophoresis in 2.5% polyacrylamide gels. The results (Fig. 5) showed that, when virus which had been irradiated for 15 sec was used for infection, the pattern of viral RNA species synthesized in infected cells was little different from that obtained with unirradiated virus. However, when virus which had been irradiated for 30 sec was used for infection, the proportion of radioactivity in the first major peak (fractions 12 to 18) fell markedly, whereas when virus which had been irradiated for 60 sec was used, the main species synthesized were those in the second and third major peaks (fractions 18 to 20 and 20 to 25), an almost undetectable amount of slower-moving RNA species being formed. Comparison of panels (a) and (d) showed that, whereas the rate of synthesis of the RNA in the first major peak fell more than tenfold, synthesis of the RNA in the third major peak fell only about twofold. Since, in general, the mobility of RNA is indirectly proportional to the logarithm of the molecular weight, it was concluded that the capacity to synthesize high molecular RNA species fell more rapidly than the capacity to synthesize those of lower molecular weight. Synthesis of the viral proteins was measured by the method of Hay, Skekel, and Burke (7), but without any fractionation of the cell homogenate. The results (Fig. 6) showed that component 4 was always the most prominent peak, even when partially inactivated virus was used for infection. The heights of the different peaks could not be compared directly because they represent rises in the 3H to 14C ratio, and the amount of 14C radioactivity falls along the length of the gel. The radioactivity of each viral protein was estimated by calculating from the 3H to 14C ratio of the sections outside the peaks the amount of 3H radioactivity within the peaks due to cellular proteins. Subtraction of this figure from the observed 3H radioactivity gave a figure for radioactivity of the viral proteins. This was calculated for three proteins, those at fractions 14, 21, and 43, (corresponding to a minor virion component, and components 1 and 4, respectively), and the results were expressed as ratios with the amount at fraction 43 as unity ( Examination of the distribution of the viral proteins in the different subcellular fractions showed that little viral protein could be detected in the supernatant fraction centrifuged at 130,000 X g. Thus all the viral proteins appear to be associated with membrane or other subcellular fractions, and are not present in unbound form. A similar result was found in the case of Semliki Forest virus (7) . The pellet (130,000 X g) contained two major proteins, the complement-fixing antigen and component 4, which is the smallest I l major component. Skehel and Burke (20) showed that this fraction contained the majority of the viral RNA polymerase, and that the partially purified polymerase fraction derived from this fraction still contained these two major components. The association of the nucleocapsid protein with the polymerase complex is expected, whereas the association of component 4 with this fraction suggests that it may be associated with the nucleoprotein core of the virus. Both these components were also associated with purified nuclei, which also contains viral RNA polymerase (19, 20) ; and preliminary experiments suggest that (2), and which 'lyacrylamide gel electrophoresis of the has been found to be associated with the RNA in a actedfrom the cell homogenate 6 hr after number of other viruses (17 which may be a component of the viral hemagglutinin. Since this fraction of chick embryo cells is rich in membraneous material (7) , and, since the hemagglutinin and neuraminidase are components of the outer lipoprotein envelope of the virus, it is likely that the outer envelope of the virus is completed in association with a membrane fraction. The role of the cell nucleus in fowl plague virus multiplication is still not clear; it is known that the virus nucleocapsid is first detectable in the cell nucleus (3) and that viral RNA polymerase (19, 20) and the two virion components 1 and 4 are associated with purified nuclei. However, what relation there is between the nucleus and the cytoplasm and whether this nuclear phase is the cause of the actinomycin sensitivity of fowl plague virus multiplication is not known. It is generally agreed that the RNA of fowl plague virus consists of several pieces and the stepwise inactivation of virus controlled activities (18; Gandhi and Burke, submitted for publication) suggests that these pieces of RNA are inactivated at different rates and possibly function independently in the virus-infected cell. The results reported here support this suggestion, for it was found that the ability to synthesize the largest pieces of RNA and the largest proteins was lost more rapidly than the ability to synthesize smaller pieces of RNA or smaller proteins. This would suggest that the smaller pieces of RNA code for the smaller proteins, but more direct evidence for this is clearly necessary.
